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We present an updated and improved description of the light curve behaviour of T Ursae Minoris,
which is a Mira star with the strongest period change (the present rate is an amazing −3.80.4 days/year
corresponding to a relative decrease of about 1% per cycle). Ninety years of visual data were collected
from all available databases and the resulting, almost uninterrupted light curve was analysed with the O−C
diagram, Fourier analysis and various time-frequency methods. The Choi-Williams and Zhao-Atlas-Marks
distributions gave the clearest image of frequency and light curve shape variations. A decrease of the intensity
average of the light curve was also found, which is in accordance with a period-luminosity relation for Mira
stars. We predict the star will nish its period decrease in the meaningfully near future (c.c. 5 to 30 years)
and strongly suggest to closely follow the star’s variations (photometric, as well as spectroscopic) during this
period. stars: variables: general { stars: oscillations { stars: AGB and post-AGB { stars: individual: T UMi
Introduction
During the last several years, there has been an increasing number of Mira stars discovered to show
long-term continuous period changes (see some recent examples in Sterken et al. 1999, Hawkins et al. 2001
and a comprehensive reanalysis of R Hydrae, an archetype of such Mira stars, by Zijlstra et al. 2002).
The widely adopted view of their period change is based on the He-shell flash model, outlined by Wood &
Zarro (1981). According to this model, energy producing instabilities appear when a helium-burning shell,
developed in the early Asymptotic Giant Branch (AGB) phase, starts to exhaust its helium content. Then
the shell switches to hydrogen burning, punctuated by regular helium flashes, called also as thermal pulses
(Vassiliadis & Wood 1993). During these flashes the stellar luminosity changes quite rapidly and the period
of pulsation follows the luminosity variations.
Rapid period decrease in T Ursae Minoris (= HD 118556, Vmax  90, Vmin  140) was discovered by
Gal & Szatmary (1995), who analysed 45 years-long visual data distributed in two distinct parts between
1932 and 1993. Mattei & Foster (1995) analysed almost 90 years of AAVSO data collected between 1905
and 1994 and concluded that the period decreasing rate of T UMi (2.75 days/year as determined by them) is
twice as fast as in two other similar Mira stars (R Aql and R Hya). Most recently, Smelcer (2002) presented
almost three years of CCD photometry of T UMi, resulting in four accurate times of maximum.
The main aim of our paper is to update our knowledge on T UMi. The eight years passed since the last
two detailed analyses witnessed a considerable development in time-frequency methods, which allow more
sophisticated description of light curve behaviour. On the other hand, these eight years yielded more than
10 new cycles of the light curve prolonging quite signicantly the time-base of the period decreasing phase.
The paper is organised as follows. Observations are described in Sect. 2, a new and more sophisticated light
curve analysis is presented in Sect. 3. Results are discussed in Sect. 4.
Observations
Four sources of visual data were used in our study. The bulk of the data was taken from the publicly avail-
able databases of the Association Francaise des Observateurs d’Etoiles Variables (AFOEVftp://cdsarc.u-
strasbg.fr/pub/afoev and the Variable Star Observers’s League in Japan (VSOLJhttp://www.kusastro.kyoto-
u.ac.jp/vsnet/gcvs. (Besides the visual data, the AFOEV subset contains a few CCD-V measure-
ments, too.) Since these data end in early 2002, the latest part of the light curve is cov-
ered via the VSNET computer service. The merged dataset showed a quite large gap between JD
2431000 and 2437000. Therefore, we have extracted data collected by the American Associa-
tion of Variable Star Observers (AAVSO) with help of the Dexter Java applet available at the
Astrophysical Data System (these data were published by Mattei & Foster (1995) as light curves,
which can be converted into ASCII data with that Java applet). Basic data of individual sets




table center A summary of the analysed datasets (MJD=JD−2400000). tabular|lllr| Source
MJD(start) MJD(end) No. of points
We found the different data to agree very well (similarly to the case of R Cygni in Kiss
& Szatma´ry 2002) and that is why we simply merged the independent observations to form the
final dataset. It is almost uninterrupted between 1913 and 2002 and consists of 8949 indi-
vidual magnitude estimates (negative (‘‘fainter than...’’) observations were excluded). We
have calculated 10-day means and this binned light curve was submitted to our analysis. It
is shown in Fig. 1, where the close agreement of simultaneous CCD-V and visual observations
supports the usability of the latter data (some tests and comparisons of photoelectric and
visual observations can be found in Kiss et al. 1999 and Lebzelter & Kiss 2001).
figure center figure=h4038f1.eps,width=8cm The whole dataset of T UMi (10-day means). Light
gray points in the bottom panel refer to CCD-V measurements collected by the AFOEV.
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